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(54) Higli-pressure ifischarge lamp and method for manufacturing same 



(57) A high-pressure discharge lamp includes a 
gla^ housing (1 ) made of a high-melting vitreous mate- 
rial, a pair of sealing components (2) made of the same 
high-melling vitreous material and extended from the 
glass housing. A rare gas arxJ a material that is sofid 
or liquid at room temperature is sealed irvside the glass 
housing. Beclrically conductive bars (3. 50) are emt>ed- 



ded in the sealing components. The air-light seals 
around the electrically conductive bars are formed such 
that at least one metal material selected from metals 
and oxides of said metals is provided near the regions 
lying t)etween the high-melting vitreous material and ttie 
eledrically conductive bar. 
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Description 

BACKGROUND OF THE INVENTION 

1. ReU of the Invention s 

[0001] The present invention relates to a high-pres- 
sure discharge lamp, and more particularty to a sealed 
structure for a high-pressure cSscharge lamp, and to a 
method for maruifactuing the same. 

2. Description of the Related Art 

[0002] Liquid-crystaJ projector devices and the like 
have recently t>een adopted as means for magnifying, 
projecting, and displaying characters, pattemsi and 
other images. High-brightness, high-pressure discharge 
lamps are commonly used on a wide scale as light 
sources t>ecause such image projection devices require 
a certain light output. Such lamps are commonly com- 
k>ined with reflecting mirrors. A need has recently arisen 
for the distance (arc length) between the electrodes of 
high-pressure dfecharge larrps to be reduced in order to 
increase the light-gathering eff icierK;y of the reflecting 
mirrors. 

[0003] Such a reduction in the interelectrode distance, 
however, is tied to a drop in lamp voltage, resulting in 
increased lanrp current if the goal is to retain the same 
lamp power. Increased lamp cunrent le£Kls to increased 
electrode loss, causes the electrode material to vapor- 
ize more vigorously, arxJ promotes premature electrode 
deterioration, that is, reduces lartp fife. 
[0004] TTvs is the reason that attempts are usually 
made to inaease mercury vapor pressure ot the like 
during lamp operation arxi to prevent lamp voltage from 
decreasing (lamp current from increasing) wtien the 
interelectrode (fislance is reduced. An example is the 
Ngh-pressure mercury lamp disclosed in Japanese 
Laid-open Patent Applicatkxi 2-148561. 
[0005] The interelectrode distance of the disck>sed 
lamp is 1.2 mm, and the operating pressure reaches 
atxHJt 200 atm wtien the lamp is lighted at a rated power 
of 50 W. According to the disclosure, a high lamp volt- 
age (76 V) can be obtained at such a high pressure. 
[0006] The operating pressure must t>e sufficiently 
high in order to obtain an adequate lamp voltage when 
the interelectrode distance is reduced in such a manner. 
The lamp must therefore have a sealed structure of suf- 
f k»ently high pressure resistance capable of withstand- 
ing operation at such supertiigh pressures. 
[0007] Fig. 39(a) is a diagram showing part of the 
overall structure of the sealing oonponent of the high- 
pressure lamp disclosed in Japanese Lakl-Open Patent 
Application 2-148561. 

[0008] In the drawing. 100 is a roughly spherical light- 
emitting component made of quartz glass, 101 is a lat- 
eral tubular component extending from the light-emitting 
component 100. and 102 is a tungsten electrode for 



feeding electric current to the light-emitting component 
100. 103 is a molybdenum foil: 104. a molybdenum lead 
wire for introducing outside current. These components 
constitute an electrode assembly 105, obtained by con- 
necting tfie electrode 102 to one end of the motyfode- 
num foil 103 (one end of the electrode extends into the 
light-emitting component 100), and the electric current 
feeding lead wire 104 to the other end. The electrode 
assembly 105 is air-tightty sealed in tfie lateral tubular 
component 101 by a sealed foil structure in whk^h the 
elastic deformation of tiie molybdenum foil 103 is used 
for ak)sort)ing differences in thermal expansion in rela- 
tion to the quartz glass. 

[0009] An effective means capable of witiistanding 
high operating pressures (up to 200 atm) with the aid of 
such a sealed foil structure is described in detaa. for 
example, in "The 7th International Syrrposium on the 
Science & Technology of Light Sources (1995), Sympo- 
sium Proceedings," p. 111. 

[001 0] An overview of the above put)lication will now 
be given with reference to Fig. 39(b). 
[001 1 ] Fig. 39(b) is a cross section of area AA' in Fig. 
39a. Part of the electrode 102 is embedded in the lateral 
tubular component 101. and a non-adhesive area 107 is 
formed around the electrode 102, as shown by the dots 
in Fig. 37. According to tiie aforementioned article, if W 
is the width of the non-adhesive area 107. the resist- 
ance of the larrp to high pressure can be irrproved 
reducing tfie width W of the non-adhesive area 107. 
SpecificaUy. it is claimed that using a structure of 
smaller widtii W makes it possit)le to reduce pressure 
concentration in the non-adhesive area 107 and 
improves the resistance of the lamp to high pressure. 
[QOI 2] Meanwhile, a sealed rod structure such as that 
disclosed in US Patent 4,282,395 is a krK3wn exarrple of 
anottier sealed structure resistant to high pressures. In 
this structure, as shown in Rg. 40. electrodes 102 are 
air-tightiy sealed in lateral tubular components 101 
through the intermediary of glass (for exarrple, stper- 
hard glass 200 witii a coefficient of expansbn of 32 x 
10~^/°C) whose codfkaent of thermal Gxpansk>n lies 
between that of quartz glass (coefficient of expansion: 
5.5 X lO'^AC) and that of tungsten (coefficient of expan- 
sion: 46 X 10~^A*C), in areas B of the lateral tubular com- 
ponents 101 at a distance from the ligtit-emitting 
component 100. The force with which the electrodes 
102 and the quartz glass are bonded via the intermedi- 
ate glass 200 much greater than the force witti which 
the molytxJenum foil arxJ the quartz glass are txsnded t>y 
the elastic deformation of tiie molybdenum foil, provid- 
ing a structure tfiat is superior to a sealed foil structure 
in terms of resistance to high pressure. 
[0013] According to the above-described teaching, the 
maximum wittistarxJ pressure of a lannp with a sealed 
foil structure is limited in terms of tiie diameter of the 
electrodes 102 because the diameter of the electrodes 
102 is the minimum value of the widtti W shown in Rg. 
39(b). This is the reason ttiat using a sealed foil struc- 
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ture makes it cfifficult ic>r example, to oonstaict 
off high operating pressure (up to 200 atm) descrbed in 
Japanese Laid-Open Patent Application 2-148561 as a 
high-oidput lamp requiring a large tamp current and a 
suffictentfy thick electrode to accommodate this current 
For this reason, all the examples off lamps disclosed In 
Japanese Laid-Open Patent Appfication 2-148561 are 
linrvted to k3w-ou1put lamps off 50 W or lower. 
[0014] The sealed rod structure depicted in Fig. 40 
can endow a lamp with higher resistarx:e to high pres- 
sure than a sealed toil structure, ntaking it possble to 
provide a lamp whose output and operating pressure 
are higher than those off a tamp with a sealed toil struc- 
ture. The conventional sealed rod structure depk:ted in 
Fig. 40 is unsuitatile, however. ft>r lamps in vvhich the 
ligttt-emitting sut)star)ce consists off mercury or another 
8ut)stance whose vapor pressure varies widely with the 
lamp temperature during operation, such as the lanrps 
desabed. for example, in the aforementioned Japa- 
nese Laid-open Patent Application 2-148561. 
[0015] This is t>ecause the maximum service temper- 
ature off the tntermecfiate glass used in the sealed rod 
struchire is lower than t})e normal value of SOO'^C (max- 
inum value: 1 lOO^C) for quartz glass, as typified by the 
normal value off 230^0 (maxinujm value: 490°C) for 
supertiard glass, requiring that, normally, the electrode 
be air-tighlly sealed near the a-eas B off the fow4emper- 
ature portion at the maximum (fistance from tfie light- 
emitting component 100. which devetops the highest 
temperature during operation, as shown in Rg. 40. 
[0016] Because of this, tow-temperature regions 
(gaps where the lateral tubular components 101 are not 
bonded to the electrodes 102) designated as areas A 
form in Rg. 40 inside the sealed light-emitting compo- 
nent 100 of a lamp with a sealed rod structure. Conse- 
quentiy. mercury is sealed as a light-emitting substarx:e 
with the aid off a conventional sealed rod structure 
inside, for example, the light-emitting component 100, 
ap6 tfns mercury condenses in areas A even when the 
goal is to obtain the mercury lamp off high operating 
pressure discfosed In Japanese Laki-Open Patent 
Application 2-1 48561 , making it inpossible to obtain the 
desired mercury ^por pressure or to construct a prop- 
erty operating lamp. When an atterrpt is still made to 
ensure that the lamp operates property by forming a 
seal near the connection t)etween the light-emitting 
component 100 and the lateral tubular components 101 , 
the intermediate glass 200 is exposed to high tempera- 
tures and is melted during operation, arxi the bond is 
broken and the lairp fractured by the difference in pres- 
sure t>etween the high-pressure light-emitting compo- 
nent 100 and the outskle. which has rougHy 
atmospheric pressure. 

SUMMARY OF THE INVENTION 

[0O17] An object off the present invention is to over- 
come the above-descrik)ed shortcomings, to provkie a 



sealed structure for a high-pressure discharge lamp that 
has excetlent restetarx:e to high pressure and is suitable 
for devefoping higher-output lamps, and to provkie a 
method for manufacturing a high-pressure cfischaige 

5 lamp with such a sealed structura 

[0018] Aimed at attaining the stated ot)ject, the high- 
pressure discharge lanrp in accordance with the present 
invention is characterized by comprising at least a glass 
housing made off a high-melting vitreous material; seal- 

10 ing components made of the same tiigh-melting vitre- 
ous material and extended from the glass housing: a 
rare gas and a material that is solkf or IquxJ at room 
tenperature, sealed inskJe the light-emitting compo- 
nent; electrically conductive nr>etal structures partially 

75 emk>edded in the sealing components and designed for 
- feeding electric cun-ent to a discharge arc formed inskJe 
the light-emitting component; and air-tight seals such 
that at least one metal material selected from metals 
and oxides of these nrYetals is provkied near ttie regions 

20 lying between the high-melting vitreous material and the 
electrically corxiuctive metal structures in the sealing 
components, and that the electrically conductive metal 
structures are air-tighfly sealed within the high-melting 
vitreous material. 

25 [0019] Here, the high-pressure discharge lamp is 
characterized in tfiat the air-tight seals are formed k>y 
cfistrik>uting a pcwder of the rnetal material in the electri- 
cally conductive metal structures. 
[0020] Accorcfing to arK>th^ emtxxliment the high- 

30 pressure discharge lamp is characterized in that the air- 
tight seals are formed t)y provkfing thin films of the 
metal material to the electrically conductive metal struc- 
tures. 

[0021] According to yet another embodiment, the 
35 high-pressure discharge lamp Is characterized In tfiat 
the air-tight seals are formed by admixing a powder of 
the metal material into saki sealing corrponents. 
[P022] An Qxkiized surface is formed on at least part 
of tfie surtoce off the electrically conductive metal struc- 
40 tures. 

[0023] The air-tight seals provkfe a sealed structure 
for a high-pressure discharge lamp tiiat has excellent 
adhesiveness and resistance to high pressure and that 
can withstand inaeases in lamp output 

45 [0024] The mettxxf for manufacturing a high-pressure 
discharge lamp in accordarx:e with the present Inven- 
tion comprises at least the steps of preparing an outer 
tut>e made of a high-melting vitreous material and pro- 
vkJed with a glass housing and wHh tubular components 

50 exterxJing from the glass fiouslng. arxi electrk^ally con- 
ductive metal structures for supplying electric current In 
order to form a discharge arc in the glass housing; intro- 
ducing the electrically conductive metal structures into 
the tubular components such that one erxt off each off 

55 them is disposed inskle the glass housing; applying a 
least one type off nrmtal material selected from metals or 
ODddes off these metals between the electrically conduc- 
tive metal structures and the inner surfaces off the tubu- 
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lar conponents; and heating and collapsing the tutxjiar 
components to appropriately seal the electrically con- 
ductive n^etal structures. 

[0025] It Is also possible to manufacture a highi)res- 
sure discharge lamp with the structure k)y preparing an s 
outer tube made of a htgtHnelting vitreous material and 
provided with a gl^ housing and with tidxjlar compo- 
nents extending from the glass housing, and electrically 
conductive metal structures for supplying electric cur- 
rent in order to form a discharge arc in the glass hous- io 
ing; applying at least one type of metal powder or metal 
oxide powder ta or forming thin fibns of at least one type 
of metal a metal oxide on. the inner suriaces d the 
tubular components; then introducing the electricaOy 
conductive metal structures into the fibular compo- is 
. .. nents such that one end of each of them is disposed 
inside the glass housing; and healing and collapsing the 
tubular components to air-tight seal the electrically con- 
ductive metal structures^ 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Fig. 1 is a diagram shewing a high-pressure dis- 25 
charge lamp constructed in accordance with 
Errtxxiiment 1 of the present invention . 
Fig. 2 is a dta^am showing a highixessure dis- 
ctiarge lamp having a conventional sealed foil 
structura 30 
Rg. 3 is a diagram shewing a test lamp for measur- 
ing lamp air-tigfitness and witfistand pressura 
Rg. 4 is a diagram showing a lamp structure in 
which the cross-sectional surface area perpendicu- 
lar to the major axes of the electrodes gradually 3s 
increases in the direction of the area where a dis- 
charge arc is generated. 

Rg. 5 is a diagram shewing the structure of a dis- 
charge electrode bar in accordance with Errtxxfi- 
ment 2 of tfie present invention. 4o 
Rg. 6 is a structural diagram of the mold for forming 
an electrode molding in accordance with Embodi- 
nnent 2 of tfie present invention. 
Rg. 71s a cfiagram showing the structure of a glass 
sleeve in accordance with Embodiment 2 of tfie 4s 
present invention. 

Rg. 8 is a diagram showing the method for manu- 
facturing an electrode molding in accordance with 
Embodiment 2 of the present invention. 
Rg. 9 is a cfia^am sfiowing a step for manufactur- so 
ing an electrode molding In accordance with 
Embodiment 2 of the present invention. 
Rg. 10 is a diagram showing the metfiod for manu- 
facturing an electrode molding in accordance with 
Embodiment 2 of the present inv^on. ss 
Rg. 11 is a diagram showing the structure of tfie 
electrode nx>lding in accordance with Entxxfiment 
2 of the present invention. 



Rg. 12 is a cfiagram showing a step simnar to the 
one in Fig. 9. 

Rg. 13 is a diagram showing a structure similar to 
the one in Fig. 7. 

Rg. 14 is a cfiagram sfiowing a structure sirralar to 
the one in Fig. 11. 

Rg. 15 is a diagram sfiowing a manufacturing 
method in which metal vapor is deposited on the 
electrode bars in accordance with Embodiment 2 of 
the present invention. 

Rg. 16 is a diagram showing the structure of the 
etectrode in accordance with Embodiment 2 of the 
present invention. 

Rg. 17 is a diagram showing the structure of the 
outer tJbe in accordance with Embodiment 2 of the 
present inventioa 

Rg. 18 is a diagram showing a step of the manufac- 
turing metfxxl according to Embocfiment 2 of tfie 
present invention. 

Rg. 19 is a diagram showing a step of the manufac- 
turing method according to Embodiment 2 of the 
present invention. 

Rg. 20 is a diagram showing a step of tfie manufac- 
turing metfxxJ according to Embodiment 2 of the 
present invention. 

Rg. 21 is a diagram showing a step of tfie manufac- 
turing metfiod according to Enftbodiment 2 of tfie 
present invention. 

Rg. 22 is a diagram showing a step of tfie manufac- 
turing method according to Embodiment 2 of the 
present invention. 

Rg. 23 is a diagram showing a step of the manufac- 
turing metfiod according to Emtxxfiment 2 of the 
present invention. 

Rg. 24 is a diagram showing a step of the manufac- 
turing metfiod according to Embodiment 2 of the 
present invention. 

Fig. 25 is a diagram showing a step of the manufac- 
turing metfiod according to Emtxxfiment 2 of the 
present invention. 

Rg. 26 is a diagram sfx3wing a step of tfie manufac- 
turing metfxxl according to Emtxxfiment 2 of the 
present inventioa 

Rg. 27 is a structural diagram sfxwing the high- 
pressure discharge lanrp of Entxxfiment 3 of the 
present Inventioa 

Rg. 28(a) is a structural diagram showing the 
sealed structure of Embodiment 3 of tfie present 
Invention. 

Rg. 28(b) is a structural diagram showing a conven- 
tional sealed structure 

Rg. 29 is a structural diagram slxswing the high- 
pressure discfiarge lamp of Emtxxjiment 4 of the 
present invention. 

Rg. 30 is a diagram sfiowing a step of the metfiod 
for manufacturing a high-pressure discfiarge lamp 
In accordance with Errfoodiment 5 of the present 
invention. 
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Fig. 31 is a cfiagfam shcMng a step of the method 
for manulactunng a tngh^essure cf schaige lamp 
in aocofdance with Enixxfiment 5 of the present 
invention. 

Fig. 32 is a cfiagram showing a step of the method s 
for manufacturing a high-pressure discharge lamp 
in accordance with Embodiment 5 of the present 
invention. 

Fig. 33 is a diagram showing a step of the method 
for manufacturing a high-pressure discharge lamp io 
in accordance with EmbocBment 5 of the present 
invention. 

Fig. 34 is a diagram showing a step of the method 
for manufacturing a high-pressure discharge lamp 
in accordance with Embodiment 5 of the present is 
'^nH-.i''.^ invention. 

Fig. 35 is a cfiagram shewing a step of the method 
for manufacturing a high-pressure cfischarge lamp 
in accordance with Embodiment 5 of the present 
invention. 20 
Fig. 36 is a scfiematic of a sputtering apparatus 
used in the method for manufacturing a high-pres- 
sure discharge lamp in accordance vnth Entxxfi- 
ment 6 of the present invention. 
Fig. 37 is a cfiagram shewing the high-pressure dis- 2s 
charge lamp of Embodiment 6 of the present inven- 
tion. 

Fig. 38 is a cfiagram showing another sputtering 
apparatus of Embodiment 6 of the present inven- 
tion. 30 
Fig. 39 is a diagram showing tfte sealed fofl struc- 
ture off a conventional higfi-pressure disc:harge 
lampL 

Fig. 40 is a diagram showing the sealed rod struc- 
ture of a conventional higfi-pressure discharge 3s 
lamp 

DESCRIFTION OF THE PREFERRED EMBODI- 

MEms 

40 

Embodiments 

[0027] EntxxSments of tfie present Invention will now 
be described with reference to drawings. 

45 

Emtxxfimenti 

[0028] Rg. 1 tea structural drawing of Embocfintentl 
of the high-pressure discfiarge lamp of the present 
invention and provided with a sealed structure in which so 
a glass sleeve wtiose melting point is lower tfian tfiat of 
C)uar1z glass is interposed between a discharge elec- 
trode bar and the cpjartz glass for a sealing component 
In Fig. 1, 1 is a light-emitting tuk)ular housing or compo- 
nent serving as an cxjter discfiarge tut>e, 2 are elec- ss 
trode-sealmg components, 3 are discharge electrode 
t>ars, 4 are glass sleeves^ 5 are sealed mercury and 
metal halides, and 6 is the borcier between the elec- 



trode-seafing components and the interior of the 6ght- 
emitting tuba Quartz glass is used lor the ligfit-emitting 
tubular conrponent 1, and 96% silica glass such as 
Vycor® manufactured by Coming Inc. is used for the 
glisss sleeves 4. The discfiarge electrode bars 3 are 
made of a tungsten material and have a diameter of 0.9 
mm. In adcfition. the volume of the light-emitting tubular 
component 1 is abcxjt 0.45 cc. and the inside cfiameter 
6 of the border between the electrode-sealing ccxnpo- 
nents and the interior of the light-emitting tube prior to 
sealing is 2.0 mm. 

[0029] A lamp voltage of about 80 Vis achieved when 
the lamp in Rg. 1 containing, in sealed form. 90 mg mer- 
cury. 0.4 mg indium iocfide» and 1.0 mg thulium iodide 
(the last two are metal fialides) is lighted at a power of 
200 W. The corresponding estimated operating pres- 
sure is about 200 atm. Surprisingly, the high-pressure 
discharge lamp of the present invention, which does not 
fiave a conventional sealed foil structure or a conven- 
tional sealed rod structure, but in which a Vycor glass 
sleeves 4 whose melting point is lower tfian that of 
cfuartz glass are interposed between tfie cfiscfiarge 
electrode bars 3 arKi the qaartz glass 2 of the sealing 
components, operates normally and can withstand 
operating pressures as high as atxxit 200 atm. with the 
sealed ligfit-emitting material or filler vaporizing without 
migration inside tfie ligfit-emitting tutxilar component 1 . 
[0030] The advantages of the sealed structure of the 
high-pressure discfiarge lamp described in Embodi- 
ment 1 of the present invention may become nrx>re 
apparent frcxn the results of the certification tests 
described below. 

[0031 ] Here, Rg. 2 is a structural drawing illustrating a 
sealed, high-pressure discfiarge lamp obtained using 
conventional metal foil. 7 is an outer discfiarge tube, 8 
are sealing components, 9 are discfiarge electrode 
bars* 1 0 are metal foils, 1 1 are leader Pnes connected to 
an external drive. 12 are sealed mercury and metal hal- 
ides. and 13 is the border between the interior of the 
ligfit-emitting tut>e and the sealing components. The 
cfischarge electrode bars 9 are made of a tungsten 
material and fiave a diameter off 0.9 mm. In addition, the 
inside diameter 13 of the borders t>etween tfie elec- 
trode-sealing components and tfie interior off the ligfit- 
emitting tut>e prior to sealing is 2.0 mm. A molytxJenum 
material is used for the metal foils 1 0. 
[0032] Rg. 3 is a structural drawing of test lamps for 
measuring the air-tightness and pressure^tightness of 
lamps sealed using the akx>ve-descrit>ed structure 14is 
a sealing ccxnpcyient sealed as shown in Rgs. 1 and 2. 
(Fig. 3 is a representative drawing sficwing a sealed 
structure obtained kyy the sealing method of Rg. 1.) 15 
isaoomponent in the form of an unsealed glass tube, 
for evacuating the interior off the light-erntting ti^ 
[0033] The measurement lamps of Fig. 3. sealed as 
shown in Rgs. 1 and 2. were used to oxiduct cbserva- 
tions erf the gap in the sealing component. To observe 
the gap, an ink (New Kbkushin. Edble Red Ma 102) 
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was injected with a syringe ttirough the component 15 
for evacuating the Bght-enitting tiiye, ultrasonic vim- 
lions were imparted while the sealed portion was 
immersed in water to allow the ink to penetrate the smaD 
gap, and the lanps were aDowed to stand for several 
hours. 

[0034] According to the results, no ink penetration was 
observed in ttie sealing component of Fig. 1. With the 
conventionally sealed lamp (tarrp in Fig. 2). however, 
the ink was observed to have penetrated ak>r)g the elec- 
trode bars to the connection between the metal foil arvi 
the electrode bars. This indicated that better air-tight- 
ness than in the past tiad k>een obtained. 
[0035] In addition, tfie conponent 15 for evacuating 
the light-emitting tut>e was connected to an evacuation 
stand, itself connected to a rotary pump and a tuibomo- 
lecular pump, and vacuum was created in order to 
measure air-tightness in a similar manner with the aid of 
the measurement lamps of Fig. 3, sealed ^ shown in 
Figs. 1 and 2. After that, both lanps (Figs. 1 and 2) were 
evacuated for several minutes to 2.0 * 10"^ atm. This 
degree of vacuum oonresponded to a level sufficient to 
witfistand lamp operation. 

[0036] The initial withstand voltages of the above- 
described lamps were sut>sequently measured, hfigh- 
pressure gas was introduced through the component 15 
for evacuating the light-emitting tube, and the burst 
pressure thereof was measured. The burst pressure of 
tfie lamps was designated as their initial wittistand pres- 
sure. Since the high-pressure gas used in the tests had 
a maximum pressure of 200 kg/cnf, higher pressure 
levels could not be measured. The lamp in Fig. 1 didnot 
burst at 200 kg/cm^. 

[0037] By contrast, the conventional sealed lamp 
(lamp in Rg. 2) had an inital withstand pressure of 100- 
150 kg/cm?. It was thus learned that a sealed structure 
devoid of metal foil provided a structure of high with- 
stand voltage. 

[0038] Thus, the high-pressure discharge Icimp of tfie 
present invention has a sealed structure in which Vycor 
glass sleeves wfiose melting point is tower than tfiat of 
quartz glass are interposed between the discharge 
electrode t>ar8 and the quartz glass of the sealing com- 
ponents, making it possble to provkte a highly pres- 
sure-tight lamp in whk^h the sealed mercury or metal 
halides do not condense near the (fischarge electrode 
t>arscff the sealing components. 
[0039] The same resUts were obtained when similar 
experiments were performed on products obtained 
packing a g^ass powder into the gaps t)etween the dis- 
cfiarge electrode t>ars 3 and the glass sleeves 4, adnix- 
ing metals into ttie glass powder, or provkJing tfie 
electrode t>ars 3 with metal f ims. 
[0040] When lartps were sealed using the electrode 
bars 3 and the glass sleeves 4 alone, small gaps some- 
times remained t)etween the electrode t>ars and tfie 
glass sleeves follcwing sealing, causing tfie sealing 
state to vary from lanrp to iamp^ whereas this variatton 



(fisappeared and an even better air-tight seal cpukJ be 
formed when packing was performed using a glass 
powder or a product obtained tiy admixing metal into a 
glass powder. 

5 [0041] In additk>n. differences in the coeffkaent of ther- 
mal expanskxi between the glass and the electrode 
bars dkl not cause any cracking in products ot>tained t>y 
forming metal aade fflms on the electrode bars 3 during 
sealing. Attfiough the reason for this is not entirely dear, 

70 it is assumed that the metal oxkie films reduce the effect 
of differences in the coeffcient of thermal expansion 
between the glass and the electrode bars. The absence 
of cracks during sealing improves air-tigfrtness t>etween 
the glass and the electrode k>ars. Another effect, which 

15 concerns the dramatic reduction of withstand pressure 
in comparison with design valuesidue to the formation 
of large cracks, is that the nonunifbrmity among lanps 
can be reduced. 

[0042] Similar experiments were conducted k>y fonn- 
20 ing electrode k>ars tfiat tapered off in a continuous man- 
ner, with tfieir cross-sectional surface area, as 
measured in a plane perpendicular to the major axes of 
the electrodes, toeing 0.9 mm^ on tfie skie where the 
disctiarge arc is formed, and 0.05 mm^ on the side (on 
25 the other erxO wfiere tfie assembly is electrically con- 
nected to an external driva The resulting lamp is 
depicted in Rg. 4. ft was observed in these experiments 
tfiat the compressive strain created in the sealing com- 
ponents increased with a reduction in tfie diameter of 
50 the electrode bars 16. These results suggested tfiat a 
structure of higher witfistand pressure was obtained 
since the cotrpressive strain of a sealing component 
generally inproves wittistarvi pressure. 

35 Embo(fiment2 

[P043] Thefolkiwingisadescrptionofamethodfbr 
manufacturing the lanp in Rg. 1 described in Emtxxli- 
ment 1. 

40 [0044] Fig. 5 depicts an electrode tiar 50. Further- 
more. Fig. 6 depicts a moM 51 for forming an electrode- 
shaped nrx)lding. The mold is provkJed with an opening 
52 for putting up the electrode bar 50. and wHh an open- 
ing 53 for inserting a glass sleeve. The opening 52 is 
45 formed to a diameter small enough to prevent the elec- 
trode bar 50 from leaning skieways during insertion. 
The depth of the opening 52 must be set in advance 
because the electrode bar 50 is inserted into the open- 
ing 52 on the skte where tfie electrode, after k>eing air- 
so tigfitty sealed inskJe the lanp, is connected to an exter- 
nal drive through the end of the sealing component It ts 
apparent tfiat insertion into the opening 52 is also pos- 
sible on the skJe v^ere a discharge arc is formed, in 
whk;h case the depth of tfie opening 52 must be 
55 aciQusted and set to match the length of the electrode 
k)ar from the sealing component end to tfie end at which 
a discharge arc Is formed. In addition, the opening 53 
for inserting a glass sleeve is formed to a diameter small 
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enough to prevent Itie glass sleeve from leaning side- 
ways during Insertion. 

[0045] Fig. 7 depicts a glasssleeva The glass sleeve 
is made of a material, in this case Vycor, whose melting 
point is lower than that of the outer lamp tut>e. The conrh s 
ponents are prepared such that the outside diameter of 
the glass sleeire is less than the in&ide diameter of the 
of the tubular component on the lamp side, and the 
inside dameter tii the glass slee/e is greater ttian the 
diameter of the electrode bar. io 
[q0461 The electrode bar 50 thus prepared is set up in 
the completed tungsten mold 51 after being inserted as 
shown in Rg. a A glass sleeve 54 is subsequently set 
LP in the mold 51 after being inserted as shown in Ftg. 
9. The glass sleeve is tften filled on the inside with a is 
glass powder (designated as 55 in Fig. 10) prepared 
from the same material as that of the glass sleeve or 
from a material whose meWng point is lower than that of 
the glass sleeve. 

[0047] The glass powder 55 is compressed and conv 20 
pacted in the direction of arrow 57 in Rg. lOwithtfieaid 
of a dougfviut-shaped, compressiorvforming tool 56 
wtiose outside diameter allows the tool to t>e tightly 
irrserted Into tfte opening 53 of the mold, and whose 
inside diameter allows the electrode bar to t>e passed 25 
tftfough. The compression-forming tool 56 is depicted in 
Fig. 10. An eiectrod&«haped molding can tfujs be 
obtained. 

[0048] The electrode-shaped molding tfius obtained 
may also be heated and t>akBd at a high tenrperature in 30 
a vacuum or a hydrogen atmosphere When necessary, 
a coil can be welded on the side where a discharge arc 
is formed following the above-descrik)ed steps. Fig. 11 
depicts an etectrode-shaped molding 57 with an 
attached coil. 3S 
[0049] As shown in Rg. 12, the glass sleeve 54 can 
also be filled with the glass powder 55 by using, instead 
of the electrode bar 50, a cylindrical tungsten tool 200 
having the same size as the diameter of the electrode 
baf. Next as shown in Rg. 13. the glass sleeve filled 40 
with the glass powder is taken out of the mold 51 and 
sintered, yielding a sintered glass sleeve 201 . The glass 
sleeve 201 ttius sintered is slid to a prescribed position 
of the electrode bar. and can thus be used as an elec- 
trode molding 202 (Rg. 14). Although a mold 51 and a 45 
cylindrical tool 200 made of tun^ten were used in the 
present embodiment, it is apparent ttiat no limitations 
are imposed in terms' of material, arvi the present 
embodiment can also t>e implemented using compo- 
nents made of molybdenum, stainless steel, and the so 
lika 

[0050] A metal powder whose coefficient of thermal 
expansfonisctosetothatof the electrode bar material 
may also be admixed to the glass powder. It is possible, 
for example, to f3l the glass sleeve in the same manner ss 
as above with a mixed powder obtained by uniformly 
rut)bing a tungsten powder, tungsten oodde powder, 
molybdenum powder, molylxlenum oxide powder, or the 



like together with a Vycor powder In a mortar. The 
admixture of a metal powder shifts the coeffkaent of 
thermal expansion of the mixed powder cfoser to that of 
the electrode bar and resiits in a t>etter air-tight seal. 
[0051] When a nonuniform mixed powder is used, the 
high-rnelting mixed powder shouM be placed closer to 
the end at whk:h tfie discharge arc is fomned. 
[0052] Even when a mixed powder Is not used, metal 
vapor can be deposited on the portfon of the electrode 
bar sealed within the outer tube. Rg. 15 depkrts the 
manner in which metal vapor is deposited on the elec- 
trode bar. Although this is not shown in Rg. 15, vapor 
deposition is perfonned in a vacuum or an inert gas 
atmosphere. The two ends of tf^ electrode bar 50 are 
hekj in a rotatak)le chuck 58, a shutter plate 59 for pre- 
venting vapor from depositing \n deposition^ee areas is 
placed undemeath the electrode bar, and metal vapor 
60 is supplied from befow (or deposition on the seaGng 
portfon and tfie outer tube of the electrode bar. A glass 
sleeve is placed over the vapor-deposited electrode bar 
thus otitained. yieUing an electrode-shaped molding, as 
shown in Figs. 9 and 10. 

[0053] It is also possSbUe to perform metal sputtering, 
thermal CVD, plasma CVD, or the like. Even with the 
steps thus nxxJified. the ultimately obtained sealed 
structure for lamps exhik>its excellent highi>ressure 
resistance and adhesion. 

[0054] When the glass sleeve used consists of glass 
sleeves m^e of different materials, the higher-melting 
glass sleeve should be d'sposed near tfie end at which 
the discharge arc is formed. When a glass sleeve hav- 
ing a contiruously varying melting point is used, the end 
of the glass sleeve with a gradually increasing melting 
point shouM be disposed near the end at which the dis- 
cfiarge arc is formed. This is because, as a rule, a high- 
melting material is only sligfitly reactive with sealed 
materials such as metal hafides, and can operate at 
higher temperabires. so using a high-melting material 
for the portion ctosest to the Bght-emrtting tubular com- 
ponent is efficient from the standpoint of the life charac- 
teristfos of a lamp. 

[0055] The following is a description of a step for seal- 
ing the electrode-sfiaped moUing 57 in tfie outer lamp 
tuba 

[0056] Fig. 16 depicts the electrode to be introduced 
into a lamp. To hokJ the electrode wrttiin the lateral tubu- 
lar component, the metal spring 61 iswekiedtothatend 
portfon 62 of the electrode-shaped moUing 57 where 
the mokJing is connected to an outsfoe driva 
[0057] Frg. 17 depfots an outer tut>e 66 prepared dur- 
ing a separate step. The tube comprises a hollow, 
roughly spherical light-emitting tiixjlar component 63 
obtained by heating and expanding quartz glass to a 
prescrik>ed shape, and lateral tutxjlar components 64 
and 65 (quartz glass tubes) projecting from both ends of 
the light-emitting tutxilar component 63. The lateral 
tubular component 65 is obtained t>y inserting and seal- 
ing an electroda One end of the lateral tubular compo- 
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nem 64 is dosed. ¥vhereas the component 66 is open at 
the other end Id aflcw electrode insertioa 
[0058] First the discharge electrode in Fig. 16 is 
inserted through the lateral tubular comport 85 of the 
outer tube after the light-emitting tutxJar component of s 
the tamp in Fig. 17 has k>een formed and processed. 
The electrode is inserted with the aid of an insertion bar 
whose (fiameter is somewhat less ttian the inside diam- 
eter of the lateral tiA)e. The insertion of the discharge 
electrode can be observed with tfie aid of a projector. 
The positions of the electrode and the light-emitting 
tii>e are depicted on the projector screen, and the elec- 
trode is inserted accorcfingly. 
[0059] The interior of the outer tube 68 is subse- 
quently evacuated, as shown by the schematic arrow 
400 in Fig. 1 8. AHhoughtlhis is not shown in the drawing, 
the evacuation is performed using a vacuum purrp, and 
the interior of the outer tut>e 66 is exhausted to a pres- 
sure of atxxjt 10'^ torr. Argon gas is then sealed within 
the outer tut>e 66 at 200 mmbarr. as schematically 
shown by arrow 401 in Rg. 18. In this siatei a laser or 
the Eke is used to heat and seal the yet-unsealed end 
portion 68 near the open end of the lateral tubular com- 
ponent 65. as shown in Rg. 19. Although this is not 
shown In Fig. 19. it is also possible to secure the outer 
tube 66 in a rotatak)le chuck and to perform heating and 
sealing while rotating the outer tut>e 66. as depkrted by 
arrow 67. 

[0060] Although this is not shown in the drawing, the 
outer tut>e 66 is subsequently secured in a rotatable 
chuck such ttiat this time ttie lateral tukxjiar component 
65 containing an inserted electrode is on the i^jper side, 
as shown in Rg. 20. In this state, the outer tube 66 is 
rotated as shewn by arrow 69. and the end portion of 
the lateral tutxilar component 65 is heated and melted 
during rotation. This process is performed using the 
laser schematically stiown by anow 70. The laser is 
moved up and down over an appropriate length of the 
lateral tubular component 65. as shown t)y arrow 71; 
arxJ the lateral tut>ular component 65 is air-tightly sealed 
by being heated and melted. 
[Q061] Because they have k3wer melting points than 
does quartz g^ass, glass sleeves and glass powders 
having certain melting points sometimes boil and 
expand in the process t>elbre the quartz glass is melted. 
R>r exanrple. the Pyrex glass manufactured by Corning 
has a softening point of 82rC and is difficult to seal 
because of such boifing'and 6xpansk)n. The aforemen- 
tuned Vycor glass has a softening point of 1530^0, can 
be easily sealed without undergoing txMling or exparv 
sion. and can t>e bonded with high adhesk)n, as 
descrit}ed In Embodiment 1 . 
[0062] A single electrode was sealed in the li^-emit- 
ting tuk>e during the step described ebcue. The sealing 
of another electrode will now t>e descr3>ed. The initially 
ctosed end portion of the lateral tutxjlar component 64 
is, for example, cut off with a cutler (as schematically 
shown by arrow 300). and an open end 301 is formed in 



order to insert the other electrode through the other 
end. as shown in Rg. 21. Next the lamp is positkKied 
such ttiat the open end 301 thereof fac^ ipward. as 
shown in Fig. 22. and mercury 72a. metal halides 72b. 
and other Itght-^nitting substances for the lamp are 
introduced through the open end 301 and sealed. An 
electrode 302 is also introduced. The amount in which 
the mercury Is sealed varies with the volume of the Oght- 
emitting tubular component and the interelectrode ds- 
tance. and is 90 mg when ttie internal volume of the 
light-emitting tubular component 63 is 0.45 cc and the 
interelectrode dstance is 1 .5 mm. As a result, the lamp 
voltage during lighting is 80 V. 
[0063] 0.4 mg Indium iodide and 1.0 mg of thulium 
kxiide are sealed as the metal halides. 
[0064] The outer tube 66 is sut^sequently^-evacuated, 
as shown by ttie schematic arrow 310 in Rg. 23. 
AHtKXigh this is not shown in the drawing, the evacua- 
tion is performed using a vacuum punp. and the pres- 
sure in the outer tube 66 is reduced to about 10*^ torr. A 
prescribed amount of dried argon gas is then sealed 
inside the outer tube 66. as schematically shown tiy 
anow 31 1 in Rg. 23. In this state, the area near the yet- 
unsealed erxt of the lateral tubular component 54 is 
heated and sealed using a laser or the like, as schemat- 
k:ally shown tiy arrow 74 in Fig. 24. Attfiough this is not 
shown in Fig. 24. the outer tut>e 66 may also t)e held in 
a rotatatile chucK end then rotated, heated, and sealed, 
as shown by arrow 67. 

[P065] Since mercury, metal halides. and other sut>- 
stances having high vapor pressure are sealed inside 
the Gght-emrtting tubular component 63. this oonrvDonent 
'f& air-tightly sealed while t>eing cooled to prevent the 
sealed sut>stance 72 inside the light-emitting tubular 
component from being vaporized when the lateral tubu- 
lar component 65 is heated with a laser. 
[0066] In additfon, as shown in Fig. 25. glass at the 
ends of both lateral tubes is cut off (for example, with a 
cutter), as sdiematically shewn by anew 320. in order 
to expose the electrodes on the sides where the elec- 
trode bars are connected to an external driva The metal 
springs 61 at both electrode ends may also be removed 
atthist'me. It is thus possible to obtain a high-pressure 
discharge lamp with the same excellent air-tightness 
and resistance to high pressure as in Embocfiment 1 in 
Fig. 1. 

[0067] Although the sealing method empfoyed in the 
atX3ve description involved heating and meltirig the 
assembly while keeping the interior of the light-emitting 
tubular conrYX}nents 63 at a reduced pressure, thus bak- 
ing and melting off the outer tube of the sealing conrpo- 
nents. it is also possftsle. as shown in Rg. 26. to adopt a 
sealing method in which the sealing components are 
heated arvi melted, the rotation of the outer tut>e 66 is 
then stopped, and the sealing components are quickly 
compressed and mokJed by a moU 75. With this 
mettKXj as well, no partkular problems are encountered 
in obtaining a high-pressure discharge lamp with the 
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same excellent air-tightness and resistance to high 
pressure as in Embodiment 1. An advantage of per- 
forming molding with the aid of a metal mold is that the 
designed lamp can be easily molded without any varia- 
tions in the shape of the seeling components. 5 

EmIxxfimentS 

[0068] Fig. 27 is a structural diagram showing Embod- 
iment 3 of the high-pressure discfiarge lamp of the io 
present invention. 

[0069] In Fig. 27. 501 is spherical light-emHting conrt- 
ponent made of quartz glass and designed for forming a 
discharge arc in the discharge space, and 502 are seal- 
ing components containing air-tightly sealed, electri- is 
caDy conductive metal structures.ifor:t8if)plying electric 
current to the discharge ara 503 are cylindrical tung- 
sten electrodes serving as the electrically conductive 
metal structures for supplying electric current to the dis- 
charge cuc 20 
[POTO] One end of each tungsten electrode 503 is dis- 
posed inside the figtit-emitting component 501 for sus- 
taining a discharge arc, whereas the otha- end is 
thought outside via ttie sealing components 502 for 
connection to an external drive for supping electric 2s 
current to the discharge arc (not shown in Fig. 27). 
[0071] As shown by the small k)lack dots in the draw- 
ing, a tuigsten powder 504 is distrSxjted near the inter- 
face t>etween the quartz glass and the tungsten 
electrodes 503 in the sealing components 502. Mercury 30 
505 is sealed as a light-emitting substance witfiin the 
light-emitting component 501, as is argon gas. which, 
although not shown in the drawing, is designed to aid in 
the starting of the larrp. 

[0072] The principal dimensional data for the lamp as 
shown in Fig. 27 are as follows: tfie internal volume of 
the spherical light-emitting component 501 is about 
0.45CC. the diameter of the tungsten electrodes 503 is 
0.9 mm. and the gap t)^ween the tungsten electrodes 
503 in the spherical light-enrgtting oorrponent 501. tfiat 40 
Is. the interelectrode distance^ is 1 .5 mm. 
[0073] A lamp voKage of akxxjt 80 V can k>e obtained 
when mercury 505 is sealed in an amount of 90 mg, arxf 
tfie lamp is lighted at a power of 200 W. The corre- 
sporxJing estimated operating pressure is atxxjt 200 4s 
atm. Surprisingly, the high-pressure discharge lamp of 
the present invention, wtvch does not have a conven- 
tional sealed foa structure or a conventional sealed rod 
structure but which is provided with a sealed structure in 
which the tungsten powder 504 is distributed near the so 
interface t)etween the tungsten electrode 503 and 
quartz glass, operates normally and can withstand 
operating pressures as Ngh as about 200 atm. with the 
mercury 505 completely vaporizing without condensing 
near the tun^ten electrodes 503 of the sealing compo- 55 
nents 502. 

[0074] The advantages of the sealed structure of the 
higfvpressure discharge lamp descrik)ed in Errtxxti- 



ment 3 of tiie present invention will become more 
apparent from the results of the certification tests 
described t>elow. 

[D075] Figs. 28(a) and 28(b) are diagrams showing the 
sealed structure used in the certification tests. Fig. 
28(a) depicts a glass tii)e obtained by distributing the 
tungsten powder 504 near the interface k>6tween quartz 
glass arv) the tungsten electrodes 503 witti a diameter 
of 0.9 mm. and sealing the electrodes in a quartz glass 
tut>e 513 witti an outside diameter of 6 mm and an 
inside cGameter off 2 mm in the same manner as in 
Embodiment 3 of the present invention in Fig. 27. 
[0076] Furtfiermore, Rg. 28(b) depicts a glass tut>e 
obtained by jproAdang the quartz glass tiA>e 513 with a 
foil seal. 510 is a tungsten electrode having the same 
diameter (0.9 mm) as the tungsten electrodes 503. but 
a cBfferent lengtti; and 511 and 512 are a molybdenum 
foil and a molytxienum bar, respectively. The ttnckness 
of the nfK)lybdenum foQ 51 1 is 0.02 mm. 
[0077] Nitrogen gas was pressurized while being 
introduced at a constant rate tftfough the open end 515 
of the quartz glass tube 513 Into the glass tubes shown 
In Figs. 28(a) and 28(b). and the pressure at which the 
glass tU>e fractured was measured to gauge its resist- 
ance to high pressura The results indicate that whereas 
the glass tut)e with the sealed foil structure shown in 
Fig. 28(b) fractured at dbout 160 atm. no fracture 
occurred in the sealed structure of Embodiment 3 of the 
present invention depicted In Rg. 28(a). even when a 
pressure of 210 atm was applied. 
[0078] In a separate measurement the quartz glass 
tube 513 was evacuated through the open end 515 off 
the quartz glass tut>e 513. and it was found tfiat the 
glass tuk)es depicted in Rgs. 28(a) and 28(b) could each 
t>e evacuated to a degree of vacuum off about 10"^ torr. 
[0079] Thus, the sealed structure of Emtxxliment 3 off 
the present Invention depicted in Rg. 27 or 28(a) pos- 
sesses better air-tightness or resistance to high pres- 
sure than does a conventional sealed fo3 structure as a 
result of the fact tfiat ttie tungsten powder 504 distrib- 
uted near the interface k)etween the tungsten electrode 

503 and the quartz glass acts as a t)inder for kx)nding 
quartz glass and tungsten (tungsten electrode 503), 
which is normaDy very difficult to tx>nd. (AHhough the 
exact reason for this is not yet urxierstood, it is probat)ly 
that tfie tungsten powder 504 is distrftxjted throughout 
the quartz glass, shifting its coefficient of ttiermal 
CDcpansion closer to that of tungsten arvJ making peeling 
more difficult, and that some of ttie tungsten powder 

504 forms strong chemical bonds with the tungsten 
electrode 503.) 

[0O8O] Although the present embodiment was 
descrbed with reference to a high-pressure discharge 
lamp in wfuch a tungst^ powder 504 was distritxjted 
near ttie interface between the tungsten electrode 503 
and quartz glass, it is also posstt)le to use a tungsten 
GDode powder instead of the tungsten powder 504. A 
powder of a metal other than tungsten, such as molyt>- 
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denun\ may also be used, as a molybdenum oxide 
powder. Lamps obtained using such replacement pcMf- 
deis retain their excellent air-tightness or resistance to 
high pressure Mixtures of the aforementioned potMders 
may also be used. 5 

Entxxfiment4 

[0081 1 Embodiment 4 of the present invention wi II now 
be descrS>ed with reference to Rg. 29. 10 
[0082] Thehiglhpressurecfischargelampof Embocfi- 
ment 4 of the present Invention depicted In Fig. 29 has 
a sealed structure in which the tungsten powder 504 In 
the lamp of Embodiment 3 depicted In Fig. 27 is 
replaced with thin tungsten films 506, and the tungsten is 
electrodes 503 are air-tightly sealed with quartz glass^ir:?^ 
(sealing conponents 502) via the thin films 506. 
[0083] In the tamp of the present embodiment as well, 
a lamp voltage of about 80 V can be obtained when 
mercury 505 Is sealed in an anxxint of 90 mg, and the 20 
lamp is Gghted at a power of 200 W. The mercury 505 
completely vaporizes without condensing near the tung- 
sten electrodes 503 of the sealing components 502. 
yielding a sealed structure resistant to high pressures 
thaft operates normally and can witfistand operating 2s 
pressures as high as atxxjt 200 atm. 
[0084] The higH)res8U'e discharge lamp of the 
present emtxx£ment preserves its excellent air-tight- 
ness and resistance to high pressire when provided 
with a structure in which the thin tivigsten f ims 506 are 30 
replaced with itiinfQms of tungsten oodda Itisalsopos- 
sble to use a structure with substitute thin metal f ims, 
such as thin molytxJenum films or thin molytxtenum 
oxide films. Structures obtained by forming multilayer 
thin films from such f flms are also acceptabia 3s 
[0085] It should be noted with regard to Embodiments 
3 and 4 that It is particularty advantageous for an oxidiz- 
ing treatnient to be performed on at least those portions 
of the tungsten electrodes 503 that are embedded In the 
sealing components 502. Such suiface oxidation makes 40 
it possible to almost completely prevent cracks from 
fomvng in the quartz glass near ttie surfaces of the 
tungsten electrodes 503, and is effective for achieving 
air-tighlness or resistance to high pressura 
[0086] Furthermore, Embodiments 3 and 4 were 4S 
descril>ed with reference to cases in wtiich the electri- 
cally conductive metal structures for sii|)plying electric 
current to the discharge arc were made of the tungsten 
electrodes 503 alone, but lamps in which the electrically 
conductive metal structures are made of the tungsten so 
electrodes (102 in Rg. 39; 510 in Rg. 28(b)). molybde- 
num foil (103 in Rg. 39; 511 in Rg. 28^)), and lead 
wires for introducing outside current (104 in Fig. 39; 512 
in Rg. 28(b)) seen in the conventional sealed foil struc- 
tures in Figs. 39 and 28(b) have the same exceOent air- ss 
tightness or resistance to high pressure as those epchb- 
ited by the lamps of Entxxfiments 3 and 4 as long as 
these structures are obtained by distributing a tungsten 



pcwMier at least near the interface between the tungsten 
electrodes (102 in Rg. 39; 510 in Fig. 28(b)) and the 
quartz glass, or bonding the tungsten electrodes with 
the quartz glass via thin tungsten films. 
[0087] In adcfitioa Embodiments 3 and 4 were 
described with reference to cases in which mercury 
alone was sealed as a light-emitting substance in high- 
pressure discharge lamps, but it is also po6sft)le to use 
lamps In which a light-emitting sitetance other than 
mercury (for exampla a metal halide) is also added. 
[0088] Although the sealed structures for the lamps 
typified by Errixxfiments 3 and 4 are parficulariy advan- 
tageous for high-pressure discharge lamps containing 
sealed mercury, nietal halides, and other sut)stances 
that are liquid or solid at room temperature but vaporize 
and emit Oght during lighting, it is apparent that such 
structures are also effective for lamps containing rare 
gases alone, such as, for exanple, xenorHfischarge 
lamps. 

[0089] In additioa Embodiments 3 and 4 were 
descrik>ed with reference to so-called double-end lamps 
in which the sealing components 502 extend from the 
light-emitting component 501 in opposite directions, but 
so-called single-end lamps (which have a single sealing 
component arxt in which a pair of electrodes are sealed 
in ttu's sealing component) are also acceptak)le, in which 
case the sealed structure of the present invention is 
also appGcable to incandescent lamps having heating 
coils, wtiich are not discharge lamps. 
[0090] Embodiment 5 below and subsequent embod- 
iments pertain to a mettxxl for manufacturing the high- 
pressure discharge lamp of the present invention typi- 
fied by EnfxxiimentB 3 and 4. 

Errbocfiment 5 

[0091] Figs. 30 through 35 are process diagrams of 
the method for manufacturing high-pressure discharge 
lamps that pertains to Emftxxliment 5 of the present 
invention. 

[0092] In Rg. 30. 540. which is an outer tube prepared 
during a separate step, comprises a hollow spherical 
Gght-enrvtling tubular conrponent 541 obtained by heat- 
ing arxl exparKfing a quartz glass tube to a presafbed 
shape, and lateral tubular components 542a and 542b 
(quartz glass tufc>es) projecting from tx>th ends of the 
iight-emitling tubular component 541 . The lateral tubular 
components 542a and 542b have uniform cross sec- 
tions and remain drcular along th^r entn-e lengths. It is 
apparent ttiat their aoss sections are smaller ttian that 
of ttie light-envtting component 541 . 
[0093] In the outer tube 540 thus prepared, a timgsten 
powder is appfied to the inner surfaces of the lateral 
tubular components 542a and 542tx A detailed descrip- 
tion is given based on Fig. 31. In Fig. 31, 543 is a solu- 
tion obtained tiy admixing a tungsten powder with a 
mean particle cfiameter of 2 pm and an SiO^ powder 
with a mean particle diameter of 20 pm into an organic 



10 



19 



EP0 903771 A2 



20 



binder prepared by dissolving nitrocellulose in butyl 
acetate. 

[0094] Solution 543 is applied to the lateral tJbu)ax 
conponent 542a. As shewn in Rg. 31. this operation 
involves positioning the outer tut)e 540 such that the lat- 
eral tubular components 542a and 542b are disposed 
above and below the outer tube, and moving the tube up 
and down as shown by arrow 544. After the solution has 
been applied to the lateral tubular conponent 542a and 
allowed to dry naturally for about 10 minutes, the outer 
tube 540 is tunied over, and the solution 543 is applied 
in the same manner to the other lateral tubular compo- 
nent (lateral tutxilar component 542b). The outer tut>e 
540 obtained by applying the solution 543 to the lateral 
tubular cornponents 542a and 542b is subsequently 
heat-treated for 30 minutes at a temperature of >atxxjt 
SOO^C and the organic binder is pyrolyzed. causing the 
tungsten powder 545 to adhere to the inner surfaces of 
the lateral tubular components 542a arxl 542b and com- 
pleting the coating step. 

[0095] The end of the lateral tutxilar component 542a 
is sut)6equentty sealed, and. as shown in Rg. 32, a 
tungsten electrode 550. which is prepared in a separate 
step and which Is an electrically conductive metal struc- 
ture for supplying electric current to the dtecharge arc, is 
inserted into the lateral tubular component 542a 
through the lateral tubular component 542tx Here, an 
iron pece 551 Is connected to the end of the tungsten 
electrode 550 opposite from that disposed inside the 
light-emitting component 541 and designed to sustain 
an arc cfischarga Although this is not shown in the 
drawing, the lateral tubular component s 542a and 542b 
are held in a rotataUe chuck in this state, and the glass 
tut)e 540 is rotated as shown by arrow 552. The area 
near the still-unsealed end of the lateral tubular compo- 
nent 542b is heated and sealed while the outer tuk>e 540 
is e^cuated. This operation is performed, for eorairple, 
wHh the aid of a laser, as schematically shown ty arrow 
553. 

[0096] Altfiough this is not shown In the drawings, the 
outer tut)e 540 is sut)6equefitly held inarotatabiechuck 
such that tfits time the lateral tubular component 542a 
containing the inserted tungsten electrode 550 faces 
upward, as sfKwn in Fig. 33. A movable magnet 560 is 
positioned this time outside the lateral tutxdar compo- 
nent 542a to cause magnetic force to act on the iron 
piece 551 and to prevent the tungsten electrode 550 
from dropping, arKi the tungsten electrode 550 is placed 
in an appropriate manner inskie the lateral tut)ular com- 
ponent 542a such tfiattfie end of the tungsten electrode 
550 for sustaining the arc is disposed at a prescrbed 
position within the fight-emitting component 541 . 
[0097] In this state, theouter tube 540 is rotated sub- 
stantially about the major axis of tfie outer tut>e 540. as 
shown t>y arrow 565. and the lateral tutxilar component 
542a (quartz glass) is heated arxl collapsed during rota- 
tion. Thisprocessisperformed with the ak] of the laser 
8chematk»Ily shown by arrow 561. The laser moves 



vertkaDy over an appropri a te length of the lateral tubu- 
lar component 542a. softens and collapses the lateral 
tubular conponent 542a (quartz glass), as shown by 
arrow 562. and air-t^htly seate the lateral tubular com- 
5 ponent542a. 

[0098] The outer tube 540 is subsequently released 
from the chuck hold (as shown in Rg. 34). the sealed 
end of the lateral tabular component 542b is cut off. and 
a tungsten electrode 550 (an Iron piece 551 is con- 
10 nected to one end of tf^e electrode) is reinserted into the 
lateral tubular component 542tx Mercury 570. which is 
the fight-emitting sut>stance, is simultaneously intro- 
duced into the light-emitting component 541. Altfiough 
this is not shown in the drawing, this operation is per- 
is formed by introducing a tubular needle through the 
open end of the lateral tubular component 542b and 
stopping the needle once its end is near the center of 
the light-emitting conponent 541. The needle is con- 
nected to a dried argon gas source of relatively low 
20 pressure, and a stream of this gas passes throu^ the 
needle, pushing out tfie mercury 570. The amount in 
whk^h mercury 570 is sealed varies greatly with the vol- 
ume of the light-emitting conponent 541 or the intere- 
lectrode distanca Spedfx^ally. this amount is 90 mg 
2S when the internal volume of the light-emitting compo- 
nent 541 is 0.45 cc and the interelectrode distance 1.5 
mm. 

[0099] Although this is not sfiown in the drawings, the 
lateral tubular components 542a and 542b are hekJ In 

30 this state in a ratatak)le chuck, and the glass tut)e 540 is 
rotated as shown arrow 552. The outer tut>e 540 is 
subsequently evacuated, a preserved amount of dried 
argon gas is introduced this time into the outer tut>e 540, 
and the area near the end of the lateral tubular conpo- 

35 nent 542b is heated and sealed. Heating is performed 
with the akl of a laser, as schematically shown t)y arrow 
553. 

[0100] The lateral tubular componerrt 542b is finally 
heated and collapsed with the akJ of a laser, and is thus 

40 air-tightly sealed in the same manner as in tfie case of 
the lateral tubular component 542a depk;ted in Rg. 34. 
(When necessary, a means for oooGng the fight-emitting 
component 541 is added in order to prevent the evapo- 
ratk>n of mercury 570.) The ends of the lateral tubiJar 

45 components 542a and 542b are cut off. the erxi of the 
tungsten electrode 550 to whk:h the iron piece 551 is 
connected is exposed, and the iron piece 551 is 
removed, yielding the high-pressure discharge lamp in 
Rg. 35 that has the same excellent air^ightness and 

50 resistance to high pressure as in Embodiment 3. In this 
lamp, a tungsten powder 545 is distritxited near the 
interface between the tungsten electrode 550 and tfie 
quartz glass. 

[0101] It IS also possit)le to adopt a manufacturing 
55 metfiod in which a step for oxkiizing tfie surface of tfie 
tungsten electrode 550 (for example, an anodizing step) 
is added between the step for distrftxiting the tungsten 
powder 545 on the lateral tubular components 542a and 
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542b depicted in Fig. 31 and the step for sealing the 
tungsten electrode 550 in the lateral tukxilar component 
542a depicted in Fig. 32. 

Entxxfimente 

[0102] Ennbocfinrient6of1henfi6thod1brmanuffMuring 
a high-pressure cfischarge lanp In accordance with the 
preserit inverition will now be descnbed. The method for 
nnanufacturing a high-pressure discharge lamp in 
accordance with the present embodiment is such that in 
the manufacturing method as described in Enixxfiment 
5 above, the step descrit>ed with r^ence to Fig. 31 
and designed for applying the tungsten powder 545 to 
the lateral tubular components 542a and 542b is 
replaced with a step for forming thin tungsten f Dms on 
the inner surfaces of the lateral tubular conponents 
542a and 542t>, as descrfoed t>elow, with all the other 
steps k)eing the same as in the manufacturing nr^thod of 
Erhtxxiiment 5. 

[0103] Fig. 36 is a drawing schematically showing the 
sputtering apparatus used in the step for forming tNn 
tungsten f ims on the inner surfaces of the lateral tukxilar 
components 542a and 542b in accordance with the 
present enrtodiment. In the drawing, 580a and 580b 
are a pair of tungsten sputtering electrodes introduced 
through the open ends of the lateral tubular components 
542a and 542b^ respectively, and disposed such that an 
interelectrode region Visp Is formed wittiin the lateral 
tut>tdar component 542a. 

[0104] Tbe thin films grow sutistantially across this 
intereleclrode region and the interelectrode recpon 
Wsp must therefore be formed in tfie lateral tubular 
component 542a (or 542b). Aluminum heat-radiating 
plates 581 for suppressing the temperature increase 
during sputtering are connected to one end of each of 
the sputtering electrodes 580a and 580b, respectively, 
and a Ngh-frequency power supply 582 is connected 
via a matching device 583. With this apparatus, ttie thin 
tungsten fims are formed on the inner surfaces of the 
lateral tubular components 542a and 5421), as 
desalbed below. 

[0105] A vacuum seal is first formed within the outer 
tube 541 with the aid of the schenraftically shown O-ririg 
seals 586 and flanges 587 and 588, which are dsposed 
adjacent to the open ends of the lateral tubular compo- 
nents 542a and 542b. In this state, the outer tut>e 541 is 
evacuated to a given background level through an 
exhaust port 585 provided to a flange 587. using a vac- 
uum apparatus in which a turtx)nx)lecu]ar pump (not 
shewn) is used as the mai n exhaust purrp. Argon gas is 
then introduced through a gas feed port provided to a 
flange 588. 

[9106] The argon gas is fed at a constant rate of about 
3 seem. High-frequency (500 kHz) power of 20 W is 
applied between the sputtering electrodes 580a and 
580b. a gtow discharge is created, and the tungsten Is 
sputtered. 



[D107] A thin tungsten film is thereby grown on the 
inner suriace of the lateral tubular component 542a in 
the interelectrode region W^. After a thin tungsten fSm 
590 with a thickness of atxxit 100 nm has t>een formed 

5 by maintaining the (^charge for a preserved time, the 
sputtering electrodes 580a and 580b are rearranged 
within tfte lateral tifcular component 542t)i and a thin 
tungsten f flm is formed in the same manner on the inner 
surface of the lateral tutxilar component 542b. 

10 [0108] After the tttin tungsten films 590 have been 
formed on the inner surfaces of the lateral tubular com- 
ponents 542a and 542k), the same step as that per- 
formed in Embodiment 5 and descrfoed with reference 
to Figs. 32 through 34 is employed, making KpossUe to 

75 obtain, as is ultimately shown in Rg. 37 (which depicts 
a lamp with substantially the same structure as in Fig. 
35), a high-pressure discfiarge lamp with a sealed 
structure resulting from the air-tight sealing of tngsten 
electrodes 550 in quartz glass through tfie irrtermetfiary 

20 of quartz £^ass layers 599. which are obtained bf the 
dispersfon and distnlxjtfon of thin tungsten films. 
[0109] Although in Rg. 36 sputtering was performed 
under a stream of argon gas, it is also possfole to per- 
form sputtering while keeping argon gas sealed at a 

25 presGrit)ed pressure or to add a stream of oxygen gas 
and perform oxidative sputtering. It is also possible to 
further perform thermal oxidation, plasma oxidation, or 
arK>ther oxidation treatment after the thin tungsten films 
590 fiave been formed, yieMing eoddized tungsten films. 

30 [OIIO] It is further poss3)le to tur)gsten electrodes 
wfiose tips have been QXKfized, or to use sputtering 
electrodes made of molybdenum and to replace the 
step for forming thin tungsten films with a step for form- 
ing thin molybdenum films or with a step for forming 

35 multilayer films consisting of these f 0ms. 

[|01 11] The present embodiment was descrfoed with 
refererwe to cases in wtuch sputtering was performed 
by introducing a pair of sputtering electrodes 580a and 
580b Into ttie lateral tubular component 542a or 542b. 

40 but as shown in Rg. 38, it is also poss&le to introduce 
a narrow cylindrical sputtering electrode 592 into the 
eral tubular component 542a (or 542b), to positfon a 
cylindrical sputtering electrode 593 around the outside 
of the lateral tuk)ular component 542a (or 542b) with the 

45 sputtering electrode as the central axis, and to perform 
sputtering in an argon-replaced vacuum cfiamber 591, 
yieUing a thin tungsten f am 590. 
[P112] Examples of manufacturing metfiods other 
than sputtering include thermal CVD, plasma CVD, and 

so vacuum vapor deposition. Even with film-forming steps 
thus nxxJified. the sealed structure of the ultimately 
obtained lamp exhit)its excellent air-tightness and 
resistance to high pressura 

[P113] Although Embodiments 5 and 6 were 
55 descrfoed with reference to a larrp manufacturing 
metfK)d in whxti the electrically corKluctive metal struc- 
tures for supplying electric current to the cfischarge arc 
were made of ttie tungsten electrodes 550 afona it is 



12 



23 



EP0903771 A2 



24 



also possible to manufacture lamps by the same 
method when the electncaDy conductive metal struc- 
tures are made of the tungsten electrodes (102 In Rg. 
39; 510 in Fig. 28(b)). nrxslybdenum foil (103 in Fig. 39; 
511 in Fig. 28(b)), and lead wires for introducing outside 5 
current (104 in Fig. 39; 512 in Fig. 28(b)) seen in the 
conventional sealed foil structures in Figs. 39 and 28(b). 
[0114] In addition, lamps in which not only mercury Ixjt 
also metal hafides are sealed in the same manner can 
be manufactured by the same manufacturing method. 10 
Conversely, lamps devoid off mercury, such as xenon 
discharge lamps, can be manufactured by the same 
manufacturing method. wHh no restrictions imposed on 
the type of suk>stance sealed. 

[011^ In the Embodiments 3-6. the electrically con- is 
£it3r ductive metal structures are described as made of tung- 
sten bars, but each bar can be made of any otfier 
materials, such as a metallic bar formed k>y solding a 
tungsten bar and a molytxienum t>ar together. 
[0118] Preferred embodiments of the present inven- 20 
tion have been described above, and it is apparent that 
this description is not a Gmiting factor and allows a vari- 
ety of modificaticns to t>e mada As descrit)ed in these 
embodiments, the metfxxi for manufacturing and light- 
ing high-pressure discharge lamps in accordance with 2s 
the present invention serves as an illustration. wHh the 
scope of the present invention being defined in the 
.claims. 

[0117] Thus, the present invention provides a sealed 
structure for a high-pressure discharge lamp that has 30 
excellent adhesiveness and resistance to high pressure 
arKi that can viritfistand ir)creases in larrp output, and 
allows h'igfi-pressure cBscfiarge lairps having such 
sealed structures to be manufactured. 

35 

Claims 

1. A highixessure cfischarge lamp^ oorrprising: 

^ a glass housing (1) made of a high-melting vit- 40 
reous material; 

sealing components (2) made of the same 
high-melting vitreous material and extended 
from said glass housing; 

a rare gas arxi a material (5) that is solid or liq- 45 
uid at room temperature, sealed inside said 
glass housing; 

electrically conductive metal structures (3. 50) 
partially embedded in said sealing components 
arxi designed for feeding electric current to a so 
discharge arc formed inside said g^ass hous- 
ing; and 

air-tight seals (4) such that at least one metal 
material selected from metals and oxides of 
said metals is provided near the regions lyirig 55 
t>etween the highnfneiting vitreous material arxi 
said eiectricaOy conductive metal structures in 
said sealing components, and that said electri- 



caDy conductive metal structures are air-tightly 
sealed within the high-melting vitreous mate- 
rial. 

2. A high-pressure discharge lamp according to Claim 
1. wherein said air-tight seals (4) are formed by cfis- 
tributing a pcMder of said metal material in said 
electrically conductive metal structures. 

3. A high-pressure discfiarge lamp according to Claim 
1 . wherein said air-tight seals (4) are formed by pro- 
viding thin films of said metal material to said elec- 
trically conductive metal structures. 

4^ A high-pressure d^charge lanrp according to Claim 
1. wherein saidcairrlight seals (4) are formed t>y 
admixing a powder of said metal material into said 
sealing components. 

5. A high-pressure discharge lamp according to Claim 
1. wherein one end of each electrically conductive, 
metal structure (50) is disposed hside the glass 
housing for sustaining a discfiarge arc, arxi the 
other erxl is disposed outside the lamp for an exter- 
nal electric connection. 

6. A higfvpressure discharge lairp according to Claim 
1, wfierein tfie electrically corxluctive metal struc- 
ture (50) is a tungsten t>ar. 

7. A high-pressure discharge lanp according to Claim 
1, wherein the coeffident of thermal expansion of 
said metal material is sut>stantially the same as, or 
lower tfian, tfiat of the metal constituting the electri- 
cally conductive metal structures. 

a A high-pressure discharge lamp according to Claim 
1, wherein said metal material is tungsten. molyt>- 
denum, or rTx>lytxJenum oxide. 

9. A high-pressure discfiarge lamp according to Claim 
1 , wtierein an oxidized surface is formed on at least 
part of the surface of said electrically conductive 
metal structures in tfK)6e areas of tfie metal con- 
ductor structures that are embedded in the seafing 
connponents^ 

IOl a higfvpressure discfiarge lanrp according to Claim 
1, wherein at least mercury is sealed inside said 
glass housing. 

11. A higfvpressure discharge lamp accofding to Claim 
1. wherein at least a ntetal hallde is sealed inside 
said glass housing. 

12. A high-pressure discfiarge lamp according to Claim 
1 , wherein said air-tight seals are fomned in at least 
parts of said sealing corrponents. 
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13. ANghixessirecfschaipelampaGOorcfingtoClainfi 
1, wheran said air-tight seals are made of a vitre- 
ous material whose nietting poim lower than the 
melting point of the vitreous material constituting 
said sealing componenlSw 5 

14. A highixessure discharge lamp according to Claim 
1 3, wherein said metal materia] is admixed into the 
vitreous material wtK>se melting point is lower than 
the melting point of the vitreous material oonstitut- io 
ing said sealing components. 

15. A high-pressu-e discharge lamp according to Claim 
1, wherein the crossrsectional area perperxlicular 

to the major axes of said electrically conductive is 
metal structures gradually increases in the cfirection 
of the ends where a discharge arc is formed. 

16. A high-pressure discharge lamp, comprising: 

a glass housing made of a Ngh-melting vitre- 
ous material; 

sealing components made of the same high- 
melting vitreous material and extended from 
said glass housing; 2S 
a rare gas sealed inside said glass housing; 
a filament disposed in said glass housing; 
electrically conductive metal structures par- 
tially embedded in said sealing components 
and designed for feecfing electric current to 30 
said filament; and 

air-tight seals such that at least one metal 
material selected from metals and oxides of 
said metals is provided near the regions lying 
t>etween the highHfnelting vitreous material and 3S 
said electrically conductive metal structures in 
said sealing components, and that said electri- 
cally conductive m^ structures are air^htly 
sealed within the Ngh-melting vitreous mate- 
rial. 40 

17. A niethod for manufacturing a high-pressure cfis- 
charge lampi comprising at least the steps of: 

preparing an outer tube made of a high-melting 4S 
vitreous material and provided with a glass 
housing and with tubular components extend- 
ing from said glass housing, and electrically 
conductive metal structires lor supplying elec- 
tric current in order to form a discharge arc in so 
said glass housing; 

introducing said electrically conductive metal 
structures into said tubular components such 
tfiat one is disposed inside said glass housing; 
applying a least one type of metal material 55 
selected from metals or oxides of said metals 
between said electrically conductive metal 
structures and the inner surfaces of said tubu- 



lar corrponents; and 

heating and coOapsrng said tubular compo- 
nents to air-tight seal the electrically conductive 
metal structures. 

1& A method for manufacturing a high-pressure cfis- 
charge lamp according to Ctaim 17, wfierein the 
step for applying said metal material comprises a 
step in which a powder is applied to the inner sur- 
faces of said tutxilar components. 

19. A method for manufacturing a high-pressure (fis- 
charge lamp according to Claim 17, wherein the 
step for applying said metal material comprises a 
step in wfiich a powder of said metal material is 
appliedito said electrically conductive metal struc- 
tures. 

20. A method for manufacturing a high-pressure (£s- 
charge lamp according to Claim 17, wherein the 
step for applying said metal material comprises a 
step in which thin films of said metal material are 
formed on the inner surfaces of said tiAadar compo- 
nents. 

21. A metfxxl for manufacturing a high-pressure (Ss- 
charge lamp accorcfing to Claim 17, wfierein the 
step for applying said metal material comprises a 
step in which thin films of said metal material are 
formed on said electrically conductive metal struc- 
turesw 

22. A method for manufacturing a high-pressure cBs- 
charge lamp according to Claim 18, wherein the 
step for applying a powder of a metal material to the 
inner surfaces of tutxJar components comprises a 
step in wtiich an SiO^ powder and a powder of said 
metal material are mixed in an organic tender solu- 
tion, said organic birxJer solution is applied to the 
inner surfaces of said tubular corrponents. arvt the 
outer tube having said tubular components and 
conprtsing high-melting vitreous material is then 
heat-treated. 

23w A method for manufacturing a high-pressure dis- 
charge lamp according to Claim 20, wherein the 
step for fbmiing thin tams of a melal material on the 
inner surfaces of tukxjiar components comprises 
introducing a pair of electrodes made of said melal 
material into said tubular components, and supply- 
ing high-frequency power t>etween said electrodes 
to create a glow discharge and to form thin sput- 
tered films. 

24 A method for manufacturing a high-pressure cfis- 
charge lamp according to Claim 20, v^erein the 
step for forming thin fOms of a metal material on the 
inner surfaces of tubular corrponents oorrprises 
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mtnoductng electrodes cbtained by placing said 
metal material on a pair of metal tips into said tu^ 
iar components, and supplying high-frequency 
power bebween said electrodes to create a gkiw dis- 
charge and to form thin sputtered films. 5 

25. A method for manufacturing a high-presstffe dis- 
charge lanp according to Claim 20, wherein the 
step fc)r fornriing thin filnris of a nietal nriaterial on the 
inner surfaces of tutsularoonponents is such that a 10 
pair of electrodes comprising said metal material 
are introduced into said tutxjiar components, high- 
frequency power is supplied between said metal 
electrodes, a glow dscfiarge is created, and thin 
sputtered films are first formed and tfien ooddized. is 
yiekfing oxidized filnrs. 

26. A method for manufacturing a high-pressure dis- 
charge larrp according to Claim 17, wherein the 
step of applying said metal material comprises the 20 
steps of: 

preparing a glass powder and tidxjlar struc- 
tures made of a vitreous material whose melt- 
ing point is lower than tfie melting point of said 2S 
outer tube; 

enclosing said electrodes wHfiin said tubular 
structures; and 

packing said glass powder in the gaps t>etween 
said electrodes and said tutxjiar structures. so 

27. A method for manufacturing a Ngfvpressure dis- 
charge lamp acoorcBng to Claim 26, further com- 
prising a step for the corrpresskHi moMIng of saki 
glass powder. . as 
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